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THE  EXPLOSIBILITY  OF  ACETYLENE. 


By  George  A.  Bukrell  and  G.  G.  Oberfell. 


INTRODUCTION. 

In  this  report  are  shown  the  results  of  experiments  made  by  the 
Bureau  of  Mines  to  determine  the  limits  of  complete  propagation  of 
flame  in  mixtures  of  acetylene  and  air. 

The  term  "limits  of  complete  propagation  of  flame"  is  used  by  the 
authors  to  designate  the  lowest  and  highest  percentages  of  a  com- 
bustible gas  in  mixture  with  air  that  permit  combustion  to  spread 
through  the  mixture  from  any  given  point  of  ignition.  Propagation 
of  flame  then  takes  place  from  point  to  point  or  layer  to  layer  through- 
out the  mixture  without  any  necessity  for  the  continued  presence  of 
the  source  of  heat  that  starts  the  inflammation. 

Acetylene  is  used  extensively  as  an  illuminant  in  miners'  lamps. 
For  this  reason  and  because  of  the  ease  of  generation  of  the  gas  from 
water  and  calcium  carbide  it  seemed  desirable  to  present  a  study  of 
the  possibilities  of  explosions  occurring  when  the  carbide  is  being 
handled  in  mines.  An  additional  reason  lies  in  the  different  results 
obtained  by  different  investigators  in  determining  the  inflammable 
limits  of  mixtures  of  acetylene  and  air,  as  is  shown  by  the  following 
table : 


Inflammable  limits  of  acetylene  mixtures  rs  c'ctermined  by  various  inves'igators. 


Name  of  investigator. 

Low  limit 

of  acetylene 

content. 

High  limit 

of  acetylene 

content. 

Teclu  a 

Per  cent. 
1.53  to  1.77 

3.00 

2.8 

Per  a  at. 

59. 95  to  58.  Co 

Bunte  l> 

5'.'.  30 

82.0 

Le  Chatelier  d ■ 

05. 0 

oTeclu,  N.,Zur  Ermittelung  von  Explosionsgrenzen  in  Gasgemengen  (Contribution  to  I  ■  >f  the 

determination  o.f  explosive  limits  of  gas  mixtures):  Jour,  pral.l.  <  'hem.,  Bd.  75,  1907,  pp.  212-223. 

b  Bunte,  H.,  Uber  explosive  Gasgemenge  (Explosive  gas  mixtures):  Jour.  Gasbel.,  Bd.  11,  45.  1901,  pp. 
835-842. 

c  Clowes,  Frank,  The  limiting  explosive  proportions  of  acetylene  and  measuring  the  gas  in  the  air:  Jour. 
Soc.  Chem.  Ind.,  vol.  15,  Oct.  31,  18B6,  p.  701. 

dhe  Chatelier,  II.,  Sur  la  combustion  de  l'acetylene  (On  the  combustion  of  acetylene):  Compt.  rend., 
1. 121,1895,  pp.  1144-1147. 
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COMMENTS  ON  INVESTIGATIONS  OF  OTHERS. 

Teclu  conducted  his  experiments  in  a  glass  cylinder  14  mm.  wide. 
A  platinum  spark  gap  was  placed  near  the  top.  Teclu's  results  on 
the  inflammable  limits  of  various  gases  have  been  criticized  by 
Burgess  and  Wheeler,"  by  Coward  and  Brinsley,b  and  by  Parker.1' 
Parker  thought  that  Teclu  did  not  allow  sufficient  time  for  the  gases 
to  mix  before  sparking  them.  Bunte  conducted  his  experiments  in  a 
burette  of  19-mm.  diameter  over  water.  Ignition  was  effected  by 
an  electric  spark.  Clowes  conducted  his  experiments  in  a  glass 
cylinder  3  inches  in  diameter  and  closed  at  one  end.  Ignition  was 
effected  from  above  with  a  Bunsen  flame. 

Of  much  interest  are  further  experiments  performed  by  Le  CI  1  ate- 
lier d  on  the  propagation  of  flame  in  glass  tubes  of  small  diameter. 
The  limits  of  inflammability  for  different  sizes  of  tubes,  as  determined 
by  Le  Chatelier,  are  as  follows: 

Limits  ofinfluirtiittihilitif  of  acetylene-air  mixtures  in  tubes  of  different  sizes. 


Diameter  of  tube. 

Proport  ion 
of  acety- 
lene for 

low  limit. 

Proport  ion 
of  acety- 
lene for 

high  limit. 

Mm. 
0.5 

Per  cent. 

Per  cent. 

.8 

7.7 
5.0 
4.5 
4.0 
3.5 
3.1 
2.9 

10.0 
IS.  0 

25.0 
40.0 
55.0 
62.0 
64.0 

2.0 

4.0 

6.0 

20.0 

30.0 

40.0 

BEARING  OF  CONDITIONS  ON  RESULTS  OF  EXPERIMENTS. 

Work  by  the  authors  and  others  on  the  limits  of  complete  propa- 
gation of  flame  in  mixtures  of  combustible  gases  ami  air  has  shown 
that  the  results  obtained  are  much  affected  by  the  conditions  of  any 
given  experiment.  Differences  obtained  are  due  to  (1)  the  use  of 
vessels  so  small  that  they  allow  too  great  heat  absorption  by  the 
containing  walls.  (2)  differences  in  method  of  igniting  the  mixtures — 
whether  from  the  bottom  upward  or  from  the  top  downward — (3) 
improper  mixing  and  analysis  of  the  gas  mixtures,  (4)  to  a  lack  of 
proper  conception  of  the  term  "limit  of  complete  inflammation," 
and  (•")  because  the  distance  traversed  by  the  flame  has  not  been 
sufficient  t*>  prove  that  it  will  travel  indefinitely  through  the  mixture 

a  Burgess,  J.  M.,  and  Wheeler,  R.  V .,  The  lower  limit  of  i  anamination  of  mixture;  of  the  paraffin  hydro- 
carbons with  air:  Trans. Chem.  Soc.,  mil,  vol.  99,  pp.  2013  2030. 

b  Coward,  H.  F.,  and  Brinsley,  Frank,  The  dilution  limits  of  inflammability  of  gaseous  mixtures:  Jour. 
Chem.  Soc.  vol.  L06,  July,  1914, pp.  1859  L885. 

c  Parker,  Albert,  The  lower  limits  of  inflammation  of  methane  with  mixtures  of  oxygen  and  nitrogen: 
Jour.  Chem.  Soc.,  vol.  105,  April,  1914.  p.  1002. 

d  l.e  Chatelier,  II.,  Sur  la  combustion  de  l'acetylene:  Compt.  rend.,  t.  121,  1895,  pp.  1144-1147. 
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after  its  propagation  has  become  independent  of  the  initial  impulse 
of  the  igniting  arrangement.  In  the  experiments  reported  herein 
the  authors  have  endeavored  to  avoid  the  errors  mentioned.  The  use 
of  a  large  box  of  130-liter  capacity  and  1  square  foot  cross  section 
eliminated  some  of  the  most  serious  sources  of  error. 

PREPARATION  OF  ACETYLENE. 

Acetylene  for  the  author's  experiments  was  prepared  by  the  action 
of  water  on  calcium  carbide  such  as  is  furnished  miners  for  use  in  their 
acetylene  lamps.  Analyses  were  made  as  the  various  mixtures  were 
prepared  for  experiment.  The  analytical  data  covering  the  analyses 
of  one  mixture  of  acetylene  and  air  follow.  The  determination  was 
made  by  igniting  a  measured  quantity  of  the  mixture  with  a  hot 
platinum  spiral. 

Results  of  analyses  of  an  acetylene-air  mixture. 


Item. 


Analysis  1. 


Analysis  2. 


Sample  taken 

Air  added 

Total  volume  for  combust  ion 

Volume  alter  combustion 

Contraction  due  to  combustion .' 

Volume  after  KOH  absorption 

Carbon  dioxide  produced  by  combustion 

Proportion  of  acetylene  (from  carbon  dioxide; 


C.c. 
49.  SO 

0.00 
49.  SO 
47.85 

2.05 
45. 10 

2.75 
a  2.  76 


C.c. 


50.10 
9.  CO 

60.00 

57.80 
2.20 

55.  CO 
2.80 

«2.80 


A  part  of  the  same  sample  was  also  analyzed  by  causing  the  acetylene 
to  be  absorbed  in  bromine  water.  By  this  method  there  was  obtained 
2.88  per  cent  acetylene,  a  good  check  on  the  combustion  method  of 
determining  the  acetylene. 


TESTS    TO   DETERMINE    LOW  EXPLOSIVE    LIMIT  OF 

AIR  MIXTURES. 


ACETYLENE- 


The  results  of  tests  made  to  determine  the  low  limit  of  complete 
inflammation  in  a  Hempel  glass  explosion  pipette  follow.  The 
pipette  was  spherical  and  had  a  capacity  of  100  c.  c.  Entering  near 
the  top  were  two  platinum  wires,  across  which  a  spark  could  be  passed 
from  an  induction  coil  driven  by  dry  cells. 

Results  of  experiments  to  determine  low  limit  of  complete  propagation  of  ignition  in 
acetylene-air  mixtures  in  the  Hempel  pipette. 


Test  No. 

Proporticn 
of  acety- 
lene. 

Result  of  observation. 

1 

Ptr  cent. 
2.  78 
2.  82 
3.00 
3.19 

2 

Do 

3 

Complete  inflammal  int.. 
Do 

4 

s 
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From  the  above  tests  there  was  found  as  the  low  limit  a  value 
between  2.82  and  3.00  per  cent  acetylene. 

The  products  of  combustion  after  each  test  were  analyzed.  The 
carbon  dioxide  resulting  from  test  1  was  only  0.20  per  cent  of  the 
mixture.  The  carbon  dioxide  after  test  2  was  0.25  per  cent.  The 
carbon  dioxide  after  test  3  was  5.79  per  cent,  equivalent  to  2.90  per 
cent  acetylene,  showing  that  practically  all  the  acetylene  burned  to 
carbon  dioxide  and  water.  The  carbon  dioxide  after  test  4  was  6.11 
per  cent,  corresponding  to  3.06  per  cent  acetylene. 

The  low  limit  was  next  investigated  in  a  larger  explosion  vessel. 
The  vessel  had  a  capacity  of  2,800  c.  c.  Two  copper  wires  entered 
through  the  sides  and  met  in  the  center  of  the  vessel.  A  current  of 
5  amperes  at  220  volts  was  passed  through  the  wires.  Ignition  of 
acetylene-air  mixtures  inside  the  jar  was  brought  about  by  drawing 
the  two  wires  apart  while  the  electric  current  was  flowing,  thereby 
producing  an  electric  spark.     The  results  of  the  tests  were  as  follows : 

Results  of  tests  to  determine  low  limit  of  mixtures  of  acetylene  and  air  in  an  explosion  vessel 

of  2,800-c.  c.  capacity. 


Test  No. 

Proportion 
of  acety- 
lene. 

Results  of  observations. 

1 

P<  r  cent. 

2.81 

2.98 
3.07 

Incomplete  inflammation.    Flame  traveled  for  1  to  2  inches  above  the  terminals, 

2 

but  did  not  spread  throughout  the  mixture. 
Do. 

3 

Complete  inflammation.    Flame  spread  throughout  the  mixture. 

The  experiments  showed  that  complete  propagation  of  flame  was 
obtained  when  the  proportion  of  acetylene  was  between  2.98  and  3.07 
per  cent. 

Experiments  on  the  low  limit  were  next  made  with  a  box  made  of 
glass  and  wood,  having  a  capacity  of  130  liters  and  a  cross  section  of 
1  square  foot.  The  front  and  rear  of  the  box  were  made  of  glass,  so 
that  the  propagation  of  flame,  when  this  occurred,  could  be  observed. 
A  motor-driven  fan  at  the  bottom  of  the  box  mixed  the  gases.  A 
sheet  of  paper  was  used  to  cover  the  top  of  the  box.  The  source  of 
ignition  was  an  electric  flash  produced  by  drawing  two  copper  wires 
apart,  as  in  the  preceding  tests.  Ignition  was  started  both  at  the 
top  and  the  bottom  of  the  box.  The  results  of  the  experiments 
follow. 
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V, 


Results  of  experiments  to  determine  low  limit  of  mixtures  of  acetylene  and  air  contained 

in  a  130-liter  box. 

IGNITION  FROM  BOTTOM  UPWARD. 


Test  No. 


1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 

4 
5 


Proportion 
of 

acetylene. 


Per  cent. 
2.42 
2.42 
2.50 
2.50 
2.53 
2.53 
2.67 
2.73 


A  flame  about  1  inch  wide  traveled  2  inches  above  the  source  of  ignition. 

Do. 
A  flame  about  1  inch  wide  traveled  1  foot  above  the  source  of  ignition. 

Do. 
The  flame  traveled  to  the  top  of  the  box. 

Do. 

Do. 

Do. 


IGNITION    FROM   TOP    DOWNWARD. 


The  flame  did  not  travel  downward. 

Do. 
Flame  traveled  H  feet  downward. 
Flame  traveled  downward  the  length  of  the  box. 

Do. 


The  results  of  the  foregoing  experiments  show  that  the  complete 
propagation  of  flame  was  obtained  upward  through  the  box  with  a 
mixture  containing  2.53  per  cent  acetylene.  Propagation  downwards 
was  not  obtained  with  less  than  2.87  per  cent  acetylene. 

EXPERIMENTS  TO  DETERMINE  HIGH  EXPLOSIVE  LIMIT  OF 
ACETYLENE- AIR  MIXTURES. 

Experiments  were  also  performed  having  to  do  with  the  high  limit 
of  acetylene-air  mixtures.  The  results  of  experiments  made  in  the 
Hempel  explosion  pipette  follow: 

Results  of  experiments  to  determine  high  limit  of  complete  propagation  of  flame  in  acetylene- 
air  mixtures  in  Hempel  pipette. 


Proportion 

Test  No. 

01 

acetylene. 

Per  cent. 

1 

-  V  tili 

2 

56.44 

3 

55.14 

4 

54.  14 

5 

53.42 

6 

52. 63 

7 

51.72 

8 

50. 00 

9 

49.53 

No  observed  effect,  except  small  deposit  of  carbon  near  terminals. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Complete  inflammation  with  a  heavy  deposit  of  carbon  all  over  inside  of  pipette. 

Do. 


The  experiments  showed  that  under  the  conditions  the  high  limit 
of  complete  propagation  of  flame  of  acetylene-air  mixtures  was 
between  50  and  51.72  per  cent  acetylene. 

Further  experiments  were  performed  on  the  high  limit,  with  the 
2,800-c.  c.  vessel.     The  copper  wrires  carrying  the  current  met  at  a 
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point  close  to  the  bottom. of  the  jar,  so  that  inflammation  could  be 
originated  at  the  bottom  of  the  mixture.     The  results  follow: 

Results  of  experiments  to  determine  upper  limit  of  complete  inflammation  of  acetylene-air 
mixtures,  with  a  current  of  5  amperes  at  jjo-rolt  pressure  as  the  source  of  ignition. 

Proportion  of  „_,    . 

acetylene.  Remarks. 


Per  cent. 

51.3 

52.4 

53.4 

59.5 

63.5 

73.0 

T5.2 

76.3 

77.1 

78.3 


Complete  propagation  of  flame. 

Do. 

Do. 

Do. 

Do. 

Do. 
Narrow  flame  traveled  to  top  and  was  extinguished.    When  the  electric  flash  was 

applied  for  a  second  time,  complete  propagation  with  a  loud  report  followed. 
Narrow  band  of  flame  traveled  to  top  of  jar.    D.d  not  spread  to  sides. 
No  propagation  of  flame.    Slight  inflammation  around  terminals  of  wire. 


Under  the  different  conditions  of  the  experiments  widely  different 
results  were  obtained.  With  the  Hempel  pipette,  an  upper  limit 
close  to  50  per  cent  acetylene  was  found,  and  with  the  2.S00-C  c.  vessel 
an  upper  limit  close  to  73  per  cent  was  established.  It  seems,  then, 
that  the  upper  limit  is  much  affected  by  the  conditions  of  experi- 
ment, a  fact  that  probably  explains  why  widely  different  results  have 
been  obtained  by  different  investigators.  The  wooden  box  used  in 
some  of  the  preceding  tests  was  not  considered  strong  enough  to 
withstand  the  explosion  of  large  percentages  of  acetylene,  and  there- 
fore was  not  used  to  determine  the  upper  limit  of  acetylene-air 
mixtures. 

LIABILITY  OF  ACETYLENE-AIR  EXPLOSIONS  IN  MINES. 

With  the  increasing  use  of  acetylene  in  mines,  there  lias  arisen  the 
question  of  the  danger  of  its  exploding  in  the  mine  from  various 
causes.  There  may  first  be  considered  the  quantity  of  calcium 
carbide  necessary  to  furnish  explosive  proportions  of  acetylene. 
Four  and  six-tenths  (4.6)  cubic  feet  of  acetylene  from  1  pound  of 
calcium  carbide  may  be  considered  a  good  yield.  Four  and  six- 
tenths  cubic  feet  of  gas  would  render  1S2  cubic  feet  °  of  air  explosive 
on  the  basis  of  the  low  explosive  limit  of  acetylene-air  mixtures  being 
2.53  per  cent  acetylene  under  the  ideal  condition  that  the  acetylene 
be  uniformly  mixed  throughout  such  a  space,  and  confined  to  it. 
Such  an  accident  as  the  dropping  of  calcium  carbide  in  a  pool  of 
water  on  the  floor  would  result  in  a  rich  mixture  near  the  water,  the 
mixture  gradually  becoming  leaner,  of  course,  as  the  acetylene  dif- 
fused into  the  air  or  was  swept  away  by  the  ventilating  current  of 

a  One  hundred  and  eighty-two  (182)  cubic  feet  of  air  would  be  contained  in  a  room  6  feet  -wide,  6  feet 
high,  and  about  5  feet  long. 
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the  mine.  -The  ignition  of  acetylene  produced  under  such  conditions 
would  result  in  the  formation  of  a  flame  confined  to  a  much  smaller 
space  than  the  dimensions  given. 

The  calcium  carbide  in  a  miner's  lamp  (about  50  grams),  upon 
contact  with  water,  would  produce  0.51  cubic  foot  of  gas.  This 
quantity  could  render  about  21  cubic  feet  of  air  explosive  if  the 
acetylene  could  be  confined  to  a  space  of  that  size.  However,  such 
a  condition  is  not  probable. 

FORMATION    OF    ACETYLENE    FROM    LOOSE    CARBIDE. 

There  remains  to  be  considered  the  formation  of  acetylene  from  the 
action  of  the  moisture  in  the  mine  air  on.  calcium  carbide  that  might 
be  thrown  on  the  floor  of  the  mine.  A  room  18  feet  wide  by  30  feet 
long  by  7  feet  high  would  contain  3,780  cubic  feet  of  air.  In  this 
space,  if  the  temperature  was  65°  F.  and  the  saturation  90  per  cent, 
there  would  be  contained  1,495  grams  of  water.  One  thousand  four 
hundred  and  ninety-five  (1,495)  grams  of  water  would  be  enough  for 
complete  reaction  with  2,660  grams  of  calcium  carbide  and  would 
produce  about  27.0  cubic  feet  of  acetylene.  The  production  of 
acetylene  in  this  manner  would  be  too  slow,  however,  to  form  an 
explosive  mixture  with  air,  because  the  acetylene  first  formed  would 
be  continuously  carried  away  by  diffusion  and  air  currents,  and  con- 
sequently there  would  not  result  the  accumulation  necessary  to  form 
an  explosive  mixture. 

On  the  whole,  with  reasonable  precaution,  there  need  be  little 
danger  from  explosion  of  acetylene  in  mines.  That  such  an  explosion 
may  happen,  however,  is  shown  by  a  coal-mine  accident,  the  details 
of  which  were  as  follows:  A  miner  carrying  calcium  carbide  in  a 
glass  bottle  stumbled  and  fell.  The  bottle  broke,  throwing  the 
carbide  into  some  water  on  the  floor.  Acetylene  was  immediately 
generated  and  was  ignited  by  the  miner's  cap  light,  severely  burning 
him.     Such  an  accident  is  a  rarit}r. 

EXPLOSIBILITY  OF  ACETYLENE  UNDER  PRESSURE. 

Several  experiments  were  made  in  order  to  determine  the  effect  of 
pressure  on  the  explosibility  of  pure  acetylene,  as  follows: 

Acetylene,  not  mixed  with  air,  was  inclosed  over  mercury  in  a 
100  c.  c.  gl'ass  vessel  and  its  pressure  slowly  increased  by  means  of  a 
column  of  mercury  until  a  maximum  of  5  atmospheres  pressure  was 
obtained.  No  explosion  resulted.  The  experiment  was  twice  re- 
peated, and  each  time  under  a  pressure  of  5  atmospheres  a  mild 
explosion  with  the  formation  of  much  carbon  resulted  when  a  plati- 
num coil  in  the  gas  was  electrically  heated  to  a  white  heat. 
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Under  the  same  conditions  of  experimentation,  except  that  a  small 
electric  spark  from  an  induction  coil  was  used  as  the  source  of  ignition, 
the  gas  exploded  with  great  violence  at  a  pressure  of  3  atmospheres. 

Experiments  were  then  made  to  determine  the  effect  of  increased 
initial  pressure  on  the  low  explosive  limit  of  acetylene-air  mixtures. 
It  was  found  that  with  an  initial  pressure  of  as  much  as  5  atmospheres 
the  low  limit  obtained,  between  2.82  and  3  percent  acetylene  (ignition 
from  the  top)  is  not  different  from  the  value  obtained  with  an  initial 
pressure  of  1  atmosphere. 

When  acetylene  was  mixed  with  air  so  as  to  form  10,  20,  30,  40, 
50,  60,  70,  80,  and  90  per  cent  acetylene  mixtures  no  explosion 
resulted  from  compressing  the  mixtures  to  1,  2,  3,  4,  and  5  atmos- 
pheres. No  means  of  ignition,  such  as  an  electric  spark  or  a  heated 
platinum  wire,  was  used. 

SUMMARY. 

The  authors'  experiments  showed  that  the  smallest  proportion  of 
acetylene  capable  of  propagating  flame  in  a  mixture  of  acetylene  and 
air  was  2.53  per  cent. 

The  largest  proportion  of  acetylene  capable  of  propagating  flame 
in  a  mixture  of  acetylene  and  air  was  found  to  be  about  73  per  cent. 

Acetylene,  not  mixed  with  ah,  is  explosive  under  a  pressure  of 
3  to  5  atmospheres  when  an  electric  spark  is  passed  through  the 
mixture  or  when  a  platinum  spiral  is  heated  in  it. 

The  danger  connected  with  the  handling  of  calcium  carbide  in  a 
mine  is  remote  if  reasonable  care  is  observed  in  handling. 
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